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[57] ABSTRACT

There is disclosed a molten metal-atomizing apparatus
which prevents the formation of a blocking in an ultra-
high pressure atomizing of molten metal, and can pro-
duce finer metal powder. A vertical distance from the
position of occurrence of a primary atomizing effect to
a lower end of a jet injection port of a nozzle is 40% to
85% of a vertical distance from the lower end of the
injection port to the position of intersection of jets.

1 Claim, 2 Drawing Sheets
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1
MOLTEN METAL-ATOMIZING APPARATUS

BACKGROUND OF THE INVENTION

This invention relates to an apparatus for producing

metal powder, in which molten metal is formed into

metal powder by a fluid atomizing method.

- In the production of high alloy powder among metal
powders used in the powder metallurgy field, an atom-
izing method is proposed, with such method being
broadly classified into a liquid atomizing method using
a hquid, composed mainly of water, as an atomizing
medium and a gas atomizing method using inert gas as
an atomizing medium. With this method, a large amount
of metal powder having the average particle size of
several um to several tens of um can be produced.

However, in order to consistently produce fine pow-
der, it has been desired to provide technical improve-
ments in the atomizing apparatus and the atomizing
condition.

One problem which must be solved in order to consis-
tently produce fine powder is a blocking phenomenon.
Various causes for this phenomenon have been studied,
and main causes with respect to an atomizing apparatus
of the general type shown in FIG. 4 will now be de-
scribed. Referring to one main cause, downwardly-
inclined high-speed jets J are arranged to intersect each
other, and are disposed symmetrically with respect to a
vertical line. When molten metal M is caused to flow in
a downward direction (as designated at M’) toward the
intersection point P2, part of the molten metal M is
blown up near the intersection point (atomizing point)
P2 by the high-speed jet J impinging on this molten
metal M, so that part of the downward flow M’ deposits
on an inner surface 4 of an injection nozzle 3 to form a
blockage. This tendency is apparent particularly with
the gas atomizing method.

Another cause of the blocking phenomenon is an
atomizing phenomenon due to a flow of the atmo-
sphere. During the downward flow of the molten metal
M to the atomizing point P2 where the molten metal M
is crushed and cooled by the high-speed jet J, part of the
downward flow M’ is primarily atomized into molten
metal fractions under the influence of the atmosphere
flow, blown Into the high-speed jet, or a negative pres-
sure. Namely, this primarily-atomized fraction deposits
on the inner surface 4 of the nozzle 3 to form a block-
age. This tendency is apparent particularly with the
liquid atomizing method. |

The columnar molten metal flow M’, before being
crushed by the high-speed jet J, is divided by the above-
mentioned primary atomizing effect, and then is vigor-
ously crushed by the atomizing effect of the high-speed
jet, and is cooled into metal powder. In the present
invention, the initial division of the molten metal is
referred to as “primary atomization”, and the point at
which this primary atomization occurs is referred to as
“primary atomizing point”, and the crush at the inter-
section point of the high-speed jet is referred to as “sec-
ondary atomization”.

The above blocking phenomenon finally makes it
impossible to continue the atomization. To overcome
this, various proposals have been made and, for exam-
ple, Japanese Patent Unexamined Publication No.
57-47805 discloses a method in which gas, introduced
by an inducing effect of a high-speed water jet, is main-
tained by a flow straightener into a laminar flow along
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a downward flow of molten metal, thereby suppressing
a primary atomizing effect to prevent the blockage.

In order to meet recent demands for a particle size of
fine powder not to exceed 10 um, in view of sintering
properties and so on, in the water atomizing method, an
ultra-high pressure atomizing technique utilizing a high-
speed jet with an injection pressure of about 100 MPa
has now been mainly used.

With respect to the production technique disclosed 1n
the above Japanese Patent Unexamined Publication No.
57-47805, in an ultra-high pressure atomizing method
using a pressure of more than 70 MPa, it has been found
that the negative pressure atmosphere due to the water
jet is excessive, so that it becomes difficult to maintain
the laminar flow along the downward flow of the mol-
ten metal, and therefore the blocking occurs.

In conventional fluid atomizing methods other than
that disclosed in the above Japanese Publication, a nega-
tive pressure atmosphere produced by an ultra-high
pressure jet is excesstive, it is necessary to prevent a
blocking which is caused by the deposition of primarily-
atomized fractions on a surface of an injection nozzle.

Further, in order to produce a large amount of fine
powder having the average particle size not exceeding
10 um, 1t has been proposed to adopt an ultra-high
pressure atomizing method utilizing an injection jet
pressure of 100 MPa or more, as described above. This
serves to increase the kinetic energy of the high-speed
jet to be injected, but results in a disadvantageous block-
ing phenomenon caused by the ultra-high pressure jet
injection, as described above.

SUMMARY OF THE INVENTION

It is an object of this invention to provide an atomiz-
ing apparatus which prevents the formation of a block-
ing in a ultra-high pressure atomizing method, and pro-
duces fine powder more efficiently..

According to the present invention, there is provided
a molten metal-atomizing apparatus wherein down-
wardly-inclined high-speed jets are arranged to inter-
sect each other, and are disposed symmetrically with
respect to a vertical line. Molten metal is caused to flow
downwardly toward the intersecting point so as to pro-
duce a metal powder. A vertical distance from a lower
end of a jet injection port of a nozzle, which injects the
high-speed jet, to a primary atomizing point is 40% to
85% of a vertical distance from the lower end of the jet
injection port to the jet intersecting point.

In accordance with further features of the invention,
there 1s provided a molten metal-atomizing apparatus
wherein downwardly-inclined high-speed jets are ar-
ranged to intersect each other, and are disposed sym-
metrically with respect to a vertical line. Molten metal
1s caused to flow downwardly toward the intersecting
point so as to produce metal powder. Straight portions,
whose extension lines intersect each other generally on
the vertical line in a cross-sectional plane including the
vertical line, are formed on an inner surface extending
from an upper end of a nozzle, which injects the jet, to
an injection port. A vertical distance from a lower end
of the injection port to a point of intersection between
the extension lines is 40% to 85% of a vertical distance
from the lower end of the jet injection port to the jet
intersecting point.

According to the invention, there is provided a mol-
ten metal-atomizing apparatus wherein downwardly-
inclined high-speed jets are arranged to intersect each
other, and are disposed symmetrically with respect to a
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vertical line, with molten metal being caused to flow
downwardly toward the intersecting point so as to pro-
duce metal powder. An intersection angle of the high-
speed jets is in the range of 25° to 50°. When, a cross-
sectional plane including the vertical line, there is
drawn a straight line which is parallel to the high-speed
jet, and is either tangential to a contour line of an inner
surface of a nozzle extending from an upper surface of
the nozzle to an injection port, or is passing through
only one point on the contour line, a vertical distance
from a lower end of the injection port to a point of
intersection of the straight line and the vertical line 1s
40% to 85% of a vertical distance from the lower end of
the jet injection port to the jet intersecting point.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a molten metal
atomizing apparatus of the present invention, showing
an injection nozzle and adjacent portion;

FIG. 2 is a graphical illustration of a relationship
between an injection pressure and the average particle
size of powder obtained by the present invention;

FIG. 3 is a schematic cross-sectional view of a modi-
fication of a conventional nozzle used in Example 1; and

F1G. 4 is a schematic cross-sectional view of a con-
ventional atomizing apparatus.

DESCRIPTION OF THE INVENTION

In an atomizing apparatus according to the present
invention, a primary atomizing effect is made harmless
with respect to the formation of a blockage, and is also
used positively for obtaining fine powder. More specifi-
cally, in the apparatus according to a first embodiment
of the present invention, a vertical distance from a
lower end of a jet injection port of a nozzle to a position
P] where the primary atomizing, hereinafter referred to
as a primary atomizing point ratio, occurs 1s 40% to
85% of a vertical distance from the lower end of the jet
injection port to an intersection point P2 of the jet. With
a small pnimary atomizing point ratio, the primary at-
omizing effect occurs at a relatively upper position,
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whereby a fraction of the molten metal produced at this

position reaches the inner surface of the nozzle, and is
liable to deposit thereon to solidify to form a blockage;
however, it has been determined that by virtue of the
present invention, by controlling this ratio, so as to be
not less than 40%, the formation of the blockage can be
substantially prevented.

If this primary atomizing point ratio is small, the
primary atomizing effect occurs at a relative upper
position, as described above, and it takes a relatively
long time for the fraction, produced at this position, to
reach a secondary atomizing point P2 where the injec-
tion jet intersects to produce a strong atomizing effect,
and during this time period, this fraction is cooled and
solidified, thereby lowering the yield rate of the fine
powder. |

In order to efficiently produce the fine powder, it is
necessary to supply a large amount of finely divided
fractions of the molten metal, maintained at elevated
temperatures, from the primary atomizing point to the
secondary atomizing point P2. By doing so, these di-
vided fractions of the molten metal are further crushed
more finely by the high-speed jet, and are cooled to
form fine metal powder. If the primary atomizing point
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ratio is not less than 40%, the primarily-atomized divi-

stonal fraction of the molten metal will not deposit on
the spray nozzle, but is attracted toward the intersection

4

point of the high-speed jet, and is secondarily atomized
into fine metal powder. Therefore, by eliminating the
deposition of the divisional fraction of the molten metal,
the blocking phenomenon is prevented from occurring.
The closer the intersecting point of the atmosphere gas
flow, that is, the primary atomizing point P1, 1s to the
secondary atomizing point P2, though to a certain
point, the greater its effect is, because the greatest nega-
tive pressure is present in the vicinity of the intersecting
point of the high-speed jet, and therefore the primary
atomizing effect occurs effectively, so that the finely
divided fractions of the molten metal are produced 1n a
large amount. And besides, since the distance from the
primary atomizing point to the secondary atomizing
point is short, the cooling of the divisional fraction 1s
maintained to a minimum, and at the secondary atomiz-
ing point P2, this fraction, while maintained at rela-
tively high temperatures, is secondarily atomized to
form the fine metal powder.

On the other hand, if the .primary atomizing point
ratio exceeds 85%, the divisional fraction due to the
primary atomizing effect, before provided in a suffi-
ciently large amount, reaches the secondary atomizing
point, so that the yield rate of the fine powder 1s re-
duced.

Generally, it is difficult to directly measure the pri-
mary atomizing point ratio, that is, the position of the
primary atomizing point, even by the use of a special
fiber scope. Therefore, in the design of the atomizing
apparatus, and particularly the nozzle, it 1s important
that the primary atomization should occur as near to a
desired or predetermined position as possible.

As apparent from FIG. 4, wherein a nozzle has an
annular shape to surround a downward flow of molten
metal, it has been found that when a downwardly-taper-
ing conical surface is formed on part of the inner periph-
eral surface of the nozzle extending from 1ts upper sur-
face to its injection port, the primary atomizing effect
occurs generally at the apex of this cone. Similarly,
when a nozzle has opposed portions between which a
downward flow of molten metal is interposed, it has
been found that when straight surfaces, defining a V-
shape, are formed respectively on portions of the op-
posed surfaces of the nozzle extending from its upper
surface to its injection port, the primary atomizing ef-
fect occurs generally at the intersection (which defines
the bottom of the above V-shape) between these two
straight surfaces.

In the vicinity of an injection nozzle of an atomizing
apparatus shown in FIG. 1, molten metal M flows
downwardly as a column of molten metal flow M’ of a
small diameter from a molten metal nozzle 2 provided at
a bottom of a tundish 1, and a high-speed jet J is injected
from an injection nozzle 3 to the columnar molten metal
flow M’ to form the molten metal M into fine powder.
In this case, the injection nozzle has an annular shape to
surround the columnar molten metal flow M’, and a
conical surface 4’ is formed on part of an inner periph-
eral surface 4 of the injection nozzle extending from its
upper surface to its injection port. With this construc-
tion, the primary atomizing effect occurs in the vicinity
of the apex of the above cone. In the present invention,
the vertical distance from this primary atomizing point
Pl to the lower end of the jet injection port § of the
nozzle 3 is 40% to 85% of the vertical distance from the
lower end of the injection port § to an intersecting point
or secondary atomizing point P2 of the high-speed jet.
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The atmosphere gas flow, produced by the suction
effect of the high-speed jet, is low in speed at its upper
side, and the degree of negative pressure of this atmo-
sphere gas flow, as well as its velocity, increases pro-
gressively toward its lower side. While its flow velocity
is maintained at a relatively low level, this atmosphere
gas flows along the inner peripheral surface 4 from the
upper surface of the spray nozzle to the injection port.
However, the gas flow, sufficiently increased in speed,
becomes straightened, and gets out of restraint of the
inner surface 4, and in some cases may be separated
from the inner surface 4, and it is thought that this flow
converges into a relatively narrow space, and that the
prnimary atomizing effect occurs in this space.

If the conical surface is wide, there is a high possibil-
ity that, within the range of this width, the atmosphere
flow reaches such a flow velocity that it separates from
the inner surface. Therefore, the primary atomizing
point can be predicted with a higher probability, and
this is advantageous.

Even if a conical surface, 1n a strict sense of a word,
1s not provided on the inner peripheral surface extend-
ing from the upper surface of the nozzle to the injection
port, an approximate position of the primary atomizing
point can be estimated from a conical surface approxi-
mate to the above conical surface if such an approxi-
mate conical surface can be estimated. Therefore, this

Apex angle
of cone &
(degree)
Methods of
Invention
1 40
2 45
3 40
4 40
Conventiona!
___methods
1 50
2 60
3 55

case belongs to the category of the second invention.

Although the above description is directed to the
annular nozzle, the effects are quite the same with a
so-called V-shaped nozzle having opposed portions
- between which the downward flow of the molten metal
is interposed.

It 1s difficult to estimate the primary atomizing point
from the concept of the second invention if the radius of
curvature of the inner peripheral surface extending
from the upper surface of the nozzle to the injection
port either has a finite constant value, or is continuously
varying generally uniformly.

In this case, when the intersection angle of the high-
speed jet 1s in the range of 25° to 50° and when in a
cross-sectional plane including the vertical centerline of
the nozzle, there is drawn a straight line which is paral-
lel to the high-speed jet, and is either tangential to a
contour line of the inner peripheral surface of the nozzle
extending from the upper surface of the nozzle to the
injection port, or passes through only one point on this
contour line, it has been found that the primary atomiz-
ing effect occurs generally at a point where this straight
line intersects the above vertical centerline. The reason
for this has not yet been determined, but it is thought
that this is related to the fact that the condition of sepa-
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ration of the atmosphere flow from the inner peripheral
surface extending from the upper surface of the nozzle
is greatly influenced not only by the flow velocity at
that time but also by the radius of curvature of the inner
peripheral surface in the direction of the above flow
velocity. In the present invention, the straight line pass-
ing through only one point on the contour line means a
straight line which when the contour line is not a

curved line such as an arcuate line but is bent inwardly

convexly, passes only through a point of bending of the
contour line.

EXAMPLE 1

Nozzles having specifications shown in FIG. 1 and
Table 1 were prepared, and atomizing tests of these
nozzles were conducted with injection pressures shown
in Table 1.

With respect to the pouring of molten metal, molten
steel equivalent to JIS SKHI10 a high speed tool steel
containing a high content of vanadium, was poured
from a melting furnace to the tundish 1, and the molten
metal was supplied from the molten metal nozzle 2 by
gravity-drop as a columnar molten metal flow having a
diameter of 4 mm. The injection pressure was 49 to 105
MPa. Results of the production of the metal powder by
the apparatus of the present invention and the apparatus
of the prior art are shown in Table 1.

TABLE 1
Intersection Diameter —44 pm
angie of of jet Injection average
jet @ D OP;/0P,* pressure Atomizing  particle
(degree) (¢ mm) (%) (MPa) condition  size (um)
30 40 42 68.6 good 7.2
40 50 63 60 ' 8.7
50 38 77 18.4 6.4
40 38 83 105 5.2
30 40 12 49 17.8
40 38 22 73.5 blocking 12.8
50 38 38 93.1 Y 10.5
45
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The average particle size of the produced powder in
Table 1 1s the average particle size of the powder passed
through a screen having a nominal size of 44 pm.

In the conventional method No. 1, the primary atom-
izing point ratio was 12%, and the injection pressure
was 49 MPa, and no blockage was formed, and the
atomizing condition was good. However, the average
particle size (—44 um) of the produced powder was
coarse, that is, on the order of 17.8 um. In the conven-
tional method Nos. 2 and 3, the atomizing point ratios
thereof were 22% and 38%, respectively, and when the
injection pressure was high, a blockage was formed, and
a proper atomizing was not effected, and the average
particle sizes (—44 um) of the produced powders were
not fine enough, that is, on the order of 12.8 pm and
10.5 um, respectively.

In the method Nos. 1 to 4 of the present invention, the
primary atomizing point ratio was 42 to 83%, and even
when the injection pressure was ultra-high (105 MPa),
no blockage was formed, and, as compared with the
conventional method, it will be appreciated that the
powder becomes finer with the increase of the pressure.
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method Nos. 2’ and 3, and the —44 um average particle
EXAMPLE 2 size of these methods was greatly improved by the
~ Using the nozzles of the method No. 4 of the inven-  above correction. More specifically, the average parti-
tion and the conventional method No. 2 in Example 1,  cle size of the former was changed from 12.8 um to 8.1
an atomizing test was conducted with respect to molten 5 um, and the average particle size of the latter was
metals whose general compositions were 1.4C-4Cr-2W- changed from 10.5 pum to 6.2 um.
T™0-4V-5Co-Fe and 2.2C-4Cr-12W.9Mo-5V-12Co-Fe. As described above, in the molten metal-atomizing
The ordinate in FIG. 2 represents the average particle apparatus of the present invention, the primary atomiz-
size (—44 pm). As is clear from FIG. 2, a large amount ing point ratio is limited to 40% to 85%, and, therefore,
of finer powder can be obtained with the method of the 10 the formation of the blockage is prevented, and the
present invention, as compared with the conventional satisfactory production can be continued, and also the
method. This is achieved by the fact that the primary  fine powder with a particle size of not more than 10 um
atomizing point ratio was maintained within the proper ~ for which there has now been an increasing demand can
range. ~ be efficiently produced.
15  What is claimed is:

FAAMPLE 3 1. A molten metal liquid-atomizing apparatus com-
With respect to the three types of nozzles used in the prising:
conventional methods in Example 1, the lower end of a tundish provided with a molten metal nozzle
the conical surface of each nozzle extending from its adapted to cause a molten metal to flow in a down-
upper surface to the injection port was ground to pro- 20 ward direction;
vide an arcuate surface as shown in FIG. 3, and an an injection nozzle having an inner wall face sur-
atomizing test was conducted using the same injection rounding the molten metal flow flowing down-
pressures and the same molten metal as in Example 1. wardly from the molten metal nozzle, said inner
Results thereof are shown in Table 2. OP1/0P2 in wall face having an upper portion coinciding with
Table 2 represents the corrected primary atomizing 25 a frustoconical part of an imaginary conical surface
point ratio obtained based on a point P1’ obtained by of an imaginary cone having an apex positioned in
drawing straight lines relative to the corrected arcuate the molten metal flow, and an annular injection
surface 6 (FIG. 3) in parallel relation to the high-speed port located at a lower end of said inner wall face
jet J. for forming a high speed jet tilted in a downward
TABLE 2
Intersection Diameter | —44 pum
angle of of jet Injection average
jet 85 D OP;'/OP2* pressure Atomizing  particle
(degree) (b mm) (%) (MPa) condition  size (um)
Improvement of
conventional
methods
& 30 40 67 49 good 14.7
2’ 40 38 75 73.5 " 8.1
3 50 38 66 93.1 " 6.2

*primary atomizing point ratio

As described above, part of the conical surface ex-
tending from the upper surface of the injection nozzle 3 direction so as to provide an intersection angle in a
to the injection port, the primary atomizing point ratio range of 25° to 50° at a first point positioned in the

1s outside the range of 40% to 85%, is made arcuate, and + molten metal flow,
the correction is made so that the primary atomizing said apex and said first point being positioned on a
point ratio, determined by the point P1’ of intersection downstream side of the molten metal flow when
between the vertical centerline and the line tangential to viewed from a position of the injection port,
this arcuate surface and parallel to the jet J, can be 40% 50 wherein both a first vertical distance (OP;) defined
to 85%. The above test indicates that with this correc- between the apex and a second point defined by a
tion, the blocking is prevented by the principle of the position at a horizontal level equal to that of a
present invention, and that the average particle size is lower end of the injection port, and a second verti-
made fine. cal distance (OP;) defined between the first point

Namely, in the improved method No. 1’ in Table 2, 55 and the second point are determined such that the
the —44 um average particle size was 17.8 before the first vertical distance is 40%-85% of the second
correction, but was made finer on the order of 14.7 um. ~vertical distance. |
The blockage was prevented in each of the improved * k% = 3
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